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1.1.  Practical Training 
 
1.1.1. Mahidol University 
 
Mahidol University (MU) has its origins in the establishment of Siriraj Hospital in 1888 
by His Majesty King Chulalongkorn (Rama V), and the hospital's medical school is the 
oldest institution of higher learning in Thailand, granting its first medical degree in 
1893. Later becoming the University of Medical Sciences in 1943. Mahidol University 
was renamed with great honor in 1969 by His Majesty King Bhumibol Adulyadej after 
his Royal Father His Royal Highness Prince Mahidol of Songkla who is widely known 
as the “Father of Modern Medicine and Public Health in Thailand”. Mahidol University 
has developed into one of the most prestigious universities in Thailand, internationally 
known and recognized for the high caliber of research, teaching and its outstanding 
achievements in teaching, research, international academic collaboration and 
professional services. This diversified institution now offers top quality programs in 
numerous social and cultural disciplines, including the most doctoral programs of any 
institution in Thailand, yet has maintained its traditional excellence in medicine and the 
sciences. Logo of Mahidol University of Thailand at Figure 1.  
 
Figure 1. Logo of Mahidol University of Thailand 
 
1.1.1.1. Institute of Nutrition Mahidol University 
 
The Institute of Nutrition Mahidol University (INMU) was established in 1977 as a 
national planning and implementation body of the Thai government, with the mission of 





among other nutrition and nutrition-related institutions due to its dedication to health 
and medical sciences, advanced facilities and technologies and the high level of 
expertise shown by its faculty in food and nutrition. Since its founding Institute of 
Nutrition Mahidol University has fulfilled this mission by conducting research at 
community and laboratory levels, providing national and international training and 
education programs, and providing technical services in food and nutrition 
development. The goal has been and continues to be, the attainment of the highest 
possible quality of life for individuals, communities, Thai society, and for people living 
in other countries within and outside the Southeast Asian Region. 
 
1.1.1.2. Vision  
 
Institute of Nutrition Mahidol University strives to become a top-leading research 
institution on food and nutrition in ASEAN by 2020, through innovative research, 
capacity building and the generation and transfer of advanced knowledge and 
technologies to effectively address critical food and nutrition challenges at individual, 
community, national and global levels. 
 
1.1.1.3. Mission  
 
Institute of Nutrition Mahidol University is committed to ensuring the optimal health 
and nutrition of all people by conducting timely basic and applied food and nutrition 
research into the ever-changing health, social and economic conditions that affect 
individuals, communities, nations and the world by producing high caliber food and 
nutrition professionals who are committed to ethically conducting high quality 
multidisciplinary food and nutrition research studies that recognize, identify and tackle 
prominent food and nutrition problems and by providing advanced academic, technical 
and administrative services for developing and transferring food and nutrition 
knowledge and technologies for the benefit of all people within and outside of the 






1.1.2. Purpose of Practical Training 
 
The main purpose of practical training are in follow: 
a. To give an experience to explore food in the research, so the student can implement 
the knowledge that they learned in the scientist world or real food industry.  
b. To give an opportunity to adapt with new circumstances and neighborhood. 
c. To broaden the knowledge and experience of  international exposure. 
 
1.1.3. Time and Place of Practical training 
 
The practical training is conducted in the Institute of Nutrition, Mahidol University, 






2. BACKGROUND OF RESEARCH 
 
Milk is consumed by billions of people around the world every day because it is 
nutritious. Milk contains numerous nutrients such as calcium, selenium, magnesium, 
vitamin B5, vitamin B12, and riboflavin that give significant contribution to human 
body and health (FAO, 2013). The mayor component in milk is water, contributing on 
average of 68% of its weight. Milk is also the major source of protein, fat, and dietary 
energy contributing on average 8 g of protein per capita per day, 7.3 g of fat per capita 
per day and 134 kcal of energy per capita per day (FAOSTAT, 2017).  
 
Milk contains high quality of protein with a good balance of all the essential amino 
acids needed by humans, including lysine. Milk is considered as an excellent source of 
essential amino acids for human nutrition, growth, and development (Kanwar et al., 
2009). Milk proteins can act as precursors of bioactive peptides, which are protein 
fragments varying in size from 2 to 20 amino acids. These discrete amino-acid 
sequences are inactive within the native protein molecule and can be released through 
the action of digestive proteases or via proteolysis occurs during fermentation (Silva 
and Malcata, 2005; Nagpal et al., 2012). The major proteins found in milk are casein 
and whey proteins. Casein (αs1-, αs2-, β-, and κ-casein) contributing about 78% of the 
total protein; while whey proteins contributing about 17% of the total protein. The main 
whey proteins are glycomacropeptide, immunoglobulins, serum albumin, α-lactalbumin, 
and β-lactoglobulin; minor proteins include lactoferrin, insulin growth factor, and the 
lactoperoxidase system (Molgaard et al., 2011). Not all milk has the same composition; 
it is greatly influenced by the health of animal, age, feed, seasonal variations, stage of 
location, number of parturitions, breed differences, or management effects (FAO, 2013).  
 
On the other hand milk is a perishable food, so it has a short shelf life and is difficult to 
handle. Poor handling of raw milk, processed milk or milk products can lead to cases of 
food borne illness in humans. Very little raw milk is drunken; most of milk is consumed 
in processed forms and dairy products (NDDB, 2009). All of dairy industry generally 
has specific standard for raw milk that will be accepted and processed. Dairy farmers 





However, not all rejected milk is spoiled, unsafe or not worth drinking. Actually, most 
of the sub-standard milk can still be further processed to produce other by products that 
are safe and value-added, due to their improved functions and health benefits. It is 
necessary to determine the appropriate processing technology to increase the value of 
the milk, which will also help in reducing food loss and food waste.  
 
This experiment is a preliminary experiment to determine the changes in physical 
properties, i.e., pH, color, and physical stability of cow’s milk hydrolyzed by different 
protease enzymes under different hydrolysis conditions. Hydrolysis of protein may 
poses some biochemical properties that are beneficial for health such as antioxidant 
activities, inhibitory activities on some key enzymes related to non-communicable 
diseases and milk will be more easily digested by digestive system. The information 
obtained from this study will be useful in selecting the suitable condition, and assessing 
the possibility for the production of an innovative functional beverage, i.e., hydrolyzed 
milk containing milk protein hydrolysate or peptide with potential health benefits, by 






3. RESEARCH METHODOLOGY 
  
3.1.  Materials 
 
Pasteurized non-fat milk (Dutch Mill Selected™, Dairy Plus, Bang Rak, Bangkok, 
Thailand) was purchased from a local supermarket (Figure 2.). Its nutrient composition, 
obtained from nutrition fact panel, is listed in Table 1. Three kinds of protease enzymes 
were used for hydrolysis, including Alcalase 2.4L, Protamex 1.5MG and Flavourzyme 
1000L. The enzymes were donated from Brenntag Ingredients (Bangkok, Thailand). 
Information of protease enzymes as obtained from supplier is presented in Table 2. 
Technical buffer solutions pH 4, 7, and 10 were purchased from Mettler-Toledo 
(Bangkok, Thailand).  All other chemicals were obtained from Sigma-Aldrich (St. 










Figure 2. Pasteurized Nonfat Milk Dutch Mill SelectedTM 
            
Table 1. Nutrition facts of pasteurized nonfat milk Dutch Mill Selected™ 
 
Composition Content 
Total energy (kcal/100ml) 35 
Protein (g/100ml) 3   
Fat (g/100ml) 0   















pH Temperature  (°C) 
Alcalase 2.4L 2.4 AU/g Endopeptidase 9 50-55 
Protamex 1.5MG 1.5 AU/g Endopeptidase 8 50-55 




The equipment used include pH meter (EcoMet P 25, Istek, Seoul, Korea) and 
HunterLab chromameter (ColorFlex EZ, Hunter Associates Laboratory, Reston, 












3.3.1. Preparation of Enzymes  
 
3.3.1.1. Alcalase and Flavourzyme               
Diluted 100 μl of Alcalase 2.4L and Flavourzyme 1000L with addition of 
phosphate buffer pH 8.2 as many as 900 μl to obtain 10% concentration of 
enzyme. Calculated how much 10% concentration of enzyme needed to obtain 








N1 x V1 = N2 x V2 
10N x V1 = 1N x 10ml 
V1 = 1ml 
Keys: 
N1 = The initial concentration of the enzyme        V1 = The initial volume of the solution 
N2 = The final concentration of enzyme                V2 = The final volume of the solution  
 
After that, 1 ml of 10% concentration of enzyme added to 9 ml of phosphate 
buffer pH 8.2 to obtain 1% concentration of enzyme.  
 
3.3.1.2. Protamex 
Diluted 100 mg of Protamex 1.5MG with addition of phosphate buffer pH 8.2 
as much as 900 μl to obtain 10% concentration of enzyme. Calculated how 
much 10% concentration of enzyme needed to obtain 1% concentration of 
enzyme. The calculation is as follow: 
N1 x V1 = N2 x V2 
10N x V1 = 1N x 10ml 
V1 = 1ml 
Keys: 
N1 = The initial concentration of the enzyme        V1 = The initial volume of the solution 
N2 = The final concentration of enzyme                V2 = The final volume of the solution  
 
After that, 1 ml of 10% concentration of enzyme added to 9 ml of buffer pH 8.2 
to obtain 1% concentration of enzyme.  
 
3.3.2. Hydrolysis of Milk 
 
Hydrolysis of protein in milk was performed by adding three different protease enzymes 
into non-fat milk at enzyme-to-substrate ratios of 0.1 and 0.5% of protein. The mixture 
was incubated at 4°C in a refrigerator or at 60°C in a temperature-controlled water bath 
for up to 360 minutes. Samples were taken at different interval of hydrolysis time, 





cooling down immediately to room temperature in an ice bath. The hydrolyzed milk 
samples were kept in a refrigerator for further analyses. 
 
3.3.2.1. Hydrolysis at 4°C 
Prepared 18 tubes each containing 40 ml of milk. After that added enzymes to 
the milk (to obtain 0.1% concentration of enzyme took 120 μl of 1% 
concentration of enzyme and to obtain 0.5% concentration of enzyme took 60 
μl of 10% concentration of enzyme). Fractions were taken at 0, 30, 60, 120, 
240, and 360 minutes for analyses and keep on refrigerator at 4°C. Each 
fraction was heated around 95ºC for 5 minutes to inactivate the enzyme, 
followed by cooling down immediately at room temperature in ice bath. The 
milk was kept in a refrigerator for further analyses. 
 
3.3.2.2. Hydrolysis at 60°C 
Prepared 18 tubes each containing 40 ml of milk. Incubated the milk at 60ºC for 
30 minutes. After that added enzymes to the milk (to obtain 0.1% concentration 
of enzyme took 120 μl of 1% concentration of enzyme and to obtain 0.5% 
concentration of enzyme took 60 μl of 10% concentration of enzyme). The 
hydrolysis was conducted at 60ºC for 30 minutes in a temperature-controlled 
water bath. Fractions were taken at 0, 20, 40, 60, 90, and 120 minutes for 
analyses. Each fraction was heated around 95ºC for 5 minutes to inactivate the 
enzyme, followed by cooling down immediately at room temperature in ice 




The hydrolyzed milk samples obtained from different hydrolysis condition were 









3.3.3.1.  Physical Stability 
Observed the occurrence of separation and measured the height of each layer 
during storage in screw-capped glass test tubes under refrigeration for 0-7 days 
(measured everyday if possible). 
 
3.3.3.2. pH 
Measured the pH of solution by pH meter, which had been calibrated with 
buffer solution pH 4, 7, and 10.   
 
3.3.3.3. Color  
Measured color values (L*, a*, b*) by HunterLab Chromameter. The L*, a*, 





4. RESULTS AND DISCUSSION  
 
The main component of milk is protein. Protein has complex structure that is made up 
of chains of amino acids linked by peptide bonds. Hydrolysis is a method to break the 
peptide bonds, resulting free amino acids. There are several hydrolysis methods, such as 
acid hydrolysis, enzymatic hydrolysis, microbial hydrolysis, and autolysis. Enzymatic 
hydrolysis is the hydrolysis method that use proteolytic enzyme, which does not require 
high temperature and can specifically break the peptide bonds. The result of proteolytic 
digestion is a mixture of amino acids and polypeptides in varying lengths (BD 
Biosciences, 2009). Cleavage of protein structure may result in the changes in physical 
properties of milk, which my consequently affect the quality and consumer acceptability 
of the product. Therefore, in this study, the changes in physical properties including 
physical stability, pH, and color of milk were monitored during hydrolysis. 
 
4.1. Determination of Time and Temperature Hydrolysis 
 
Hydrolysis of milk was conducted at 40C and 600C. The fraction of time for hydrolysis 
at 40C were 0, 30, 60, 120, 240, and 360 minutes. The fraction of time for hydrolysis at 
600C were 0, 20, 40, 60, 90, and 120 minutes. The enzymes that used for hydrolyzed 
milk has proteolytic activity, they are alcalase, protamex, and flavourzyme. All of the 
enzymes have optimum activity at 50-550C (Table 2.), so the hydrolysis was conducted 
at 600C slightly above the optimum temperature of the enzymes. While the aim of 
hydrolysis at 40C to determine whether the hydrolysis can be performed or not if it 
conducted at low hydrolysis temperature. Based on this experiment, the hydrolysis can 
be conducted at low temperature but only minor changes were observed. In accordance 
with the statement of Lourenco et al. (2014), there are three different hydrolysis 
temperature for enzymatic hydrolysis i.e. 40C, 250C and 400C. The reactivity was not 








The fraction of time for both temperatures were different. This is due to the different 
method that used for hydrolysis. The milk was incubated at 600C for 30 minutes before 
additon of enzyme. This method was applied for hydrolysis at 600C, but not for 
hydrolysis at 40C. The time of incubation and the hydrolysis temperature at 600C 
slightly above the optimum temperature of the enzymes, this may result in decreased 
activity of the enzymes because longer time contact with heat condition above the 
optimum condition of the enzymes. To prevent the decreased activity and to know the 
optimum time of hydrolysis, so the fraction of time that used for hydrolysis of milk at 
600C shorter than hydrolysis of milk at 40C.  
 
The result of the experiment can be used as preliminary data for future analysis. It also 
can be used for selecting the suitable condition of milk hydrolysis. The research has a 
great opportunity to be developed in producing an innovative functional beverage, i.e., 
hydrolyzed milk containing milk protein hydrolysate or peptide with potential health 
benefits, by enzymatic proteolysis of cow’s milk.  
 
4.2. Physical Stability 
 
The observation physical stability to separation of hydrolyzed milk is shown in the 
Table 3. Physical stability of hydrolyzed milk at 40C and Table 4. Physical stability of 
hydrolyzed milk at 600C. Physical stability was calculated based on the height of 
separated whey. The increase in separation indicates the decrease in stability. Milk with 
good stability naturally form an emulsion in which oil is dispersed as droplets in the 
continuous aqueous phase, i.e., oil-in-water (O/W) emulsion. There is no layer formed 
because proteins as the main component of milk have excellent surface-active and 


















Separation (%) at Day 
1 3 4 7 
0.1 Alcalase 0 9.70 19.39 20.61 23.03 
  30 10.30 21.21 25.45 29.09 
  60 10.30 20.61 27.88 29.70 
  120 25.45 43.64 47.27 54.55 
  240 21.82 46.06 50.30 52.73 
  360 18.79 43.64 48.48 54.55 
       
 Protamex 0 3.64 12.12 15.76 18.79 
  30 8.48 18.79 23.64 27.88 
  60 10.91 14.55 15.15 20.00 
  120 7.88 12.12 13.33 18.18 
  240 0.61 0.61 2.42 7.88 
  360 3.03 9.09 13.33 18.79 
       
 Flavourzyme 0 0.00 4.85 8.48 9.09 
  30 6.67 15.15 17.58 17.58 
  60 9.09 15.15 17.58 18.79 
  120 0.00 0.61 1.21 2.42 
  240 0.00 0.61 1.21 1.82 
  360 6.06 11.52 15.76 16.97 
       
0.5 Alcalase 0 26.67 50.30 47.27 50.91 
  30 24.85 36.97 40.00 40.00 
  60 40.61 52.73 56.97 60.00 
  120 39.39 51.52 55.15 56.97 
  240 28.48 47.27 53.33 56.36 
  360 18.79 44.24 49.09 53.33 
       
 Protamex 0 12.73 24.85 30.30 31.52 
  30 18.18 29.09 39.39 43.64 
  60 26.67 39.39 47.88 52.73 
  120 28.48 46.06 51.52 50.91 
  240 33.33 43.03 50.30 52.12 
  360 15.15 34.55 41.82 44.85 
       
 Flavourzyme 0 1.82 6.67 11.52 12.12 
  30 0.00 0.61 1.21 1.82 
  60 0.61 0.61 1.21 1.82 
  120 0.61 0.61 1.21 4.24 
  240 0.61 0.61 1.21 3.03 














Separation (%) at Day 
1 3 4 7 
0.1 Alcalase 0 13.33 26.06 33.33 39.39 
  20 27.27 38.18 40.61 45.45 
  40 26.67 36.36 40.61 42.42 
  60 21.21 31.52 39.39 45.45 
  90 23.03 30.91 37.58 43.03 
  120 29.70 36.36 43.64 49.09 
       
 Protamex 0 0.00 1.21 2.42 4.24 
  20 0.00 3.03 4.85 7.27 
  40 9.09 20.61 23.03 27.88 
  60 12.12 20.00 23.64 29.70 
  90 18.79 21.82 27.88 30.30 
  120 3.64 16.36 17.58 19.39 
       
 Flavourzyme 0 0.00 0.00 0.00 0.61 
  20 0.00 0.00 0.00 0.61 
  40 0.00 0.00 0.00 0.61 
  60 0.00 0.00 0.00 0.61 
  90 0.00 0.00 0.00 0.61 
  120 0.00 0.00 0.00 0.61 
       
0.5 Alcalase 0 43.03 48.48 51.52 63.64 
  20 32.12 39.39 43.64 40.00 
  40 25.45 33.94 41.82 49.09 
  60 20.00 40.61 42.42 49.09 
  90 19.39 38.79 42.42 54.55 
  120 17.58 38.79 44.24 45.45 
       
 Protamex 0 20.00 38.18 45.45 54.55 
  20 31.52 40.00 43.64 45.45 
  40 29.09 38.79 43.03 47.27 
  60 32.12 40.00 41.82 45.45 
  90 26.67 33.94 38.18 45.45 
  120 22.42 36.36 38.18 40.00 
       
 Flavourzyme 0 0.00 1.21 3.64 3.64 
  20 0.00 1.82 3.03 1.82 
  40 0.00 1.21 2.42 1.82 
  60 0.00 1.21 2.42 25.45 
  90 0.00 1.21 4.24 34.55 






Based on Table 3. and Table 4., it shown that hydrolysis of milk with enzymes 
(Alcalase, Protamex and Flavourzyme) affected the stability of the milk. The milk was 
incubated at the optimum condition of the enzyme (pH 8, 60°C). At longer incubation 
times, enzyme had longer time to hydrolyze the protein in milk and resulted in peptides 
and free amino acids. Hydrolysis time was varied to obtain the optimum time of 
hydrolysis at different temperatures. At any hydrolysis temperature, addition of 0.5% 
concentration of enzyme can work faster the hydrolysis activity than addition of 0.1% 
concentration of enzyme, because there was more substrate (protein) that reacted with 
the enzyme and there was more protein hydrolyzed to peptides and free amino acids 
within a certain period. To stop the reaction, enzyme must be inactivated with high 
temperature (95°C, 5 minutes). Thermal treatment can lead to protein denaturation due 
to conformational change and results in aggregation of protein and precipitation. Protein 
can control the stability and overall appearance of food emulsions (Sun and 
Gunasekaran, 2010). Therefore, the hydrolysis of protein made the emulsion of milk 
destabilize and form layers or separation between water and oil fractions.  
 
Aggregation or precipitation of fat globule due to protein denaturation also has impact 
in increasing the particle size, which resulted from interactions between non-adsorbed 
protein molecules in the whey and proteins adsorbed at the interface of fat globules (was 
called curd). The particle size distribution (pH 6.8) shifted from below 1 µm prior to 
heating to 1-10 μm (Rybak, 2013). Higher hydrolysis resulted peptides that were too 
short to act as effective emulsifiers. The longer hydrolysis time and the higher enzyme 
concentration resulted in protein that were more hydrolyzed. Therefore, the milk 
separated into two layers of whey (liquid phase) and curd (solid phase). The percentage 
of whey was higher than the curd if the protein was more hydrolyzed, suggesting the 
decrease in physical stability.   
 
The hydrolysis activity for all the enzymes at 4°C and at 60°C not so different, minor 
changes were observed (Lourenco et al., 2014). It was greater hydrolyze by 0.5% 
concentration of enzyme than 0.1% concentration of enzyme. But the greater extent of 
hydrolysis worsened the stability of the milk. The separation of the layer was more 





effect of hydrolysis by each enzyme was different. Alcalase, Protamex, and 
Flavourzyme had different optimum pH and specific activity to hydrolyze protein. With 
all conditions in the experiment, Alcalase had the greatest activity to hydrolyze protein 
in milk, and thus the milk which was hydrolyzed by Alcalase had the lowest stability 
and the percentage of whey separation was the highest at any hydrolysis conditions. 
Day by day, the layer of separation was more observable. The percentage of whey 
increased but the percentage of curd decreased. It indicated that there was more protein 
that hydrolyzed by the enzymes. It also indicated that the milk might spoiled during 
storage because the thermal treatment used to inactivate the enzyme was insufficient to 
kill the spoilage microorganisms. Therefore, proteolysis might took place by 
microorganisms and caused the further decrease in pH of milk samples, change in pH 
could be the major cause of decrease in physical stability of the samples during storage. 
 
Hydrolysis activity of Protamex was quite similar to Alcalase. Based on the stability, 
the percentage of whey for both enzymes quite the same. The lowest percentage of 
whey for each condition was observed in samples hydrolyzed by Flavourzyme. The 
layer was invisible or unclear to be noticed. The milk that was hydrolyzed by 
Flavourzyme tended to be the most stable, which indicated the lowest hydrolysis 


















4.3. pH of Hydrolyzed Milk 
 
The pH of hydrolyzed milk is shown in the Table 5. pH of hydrolyzed milk at 40C and 
and Table 6. pH of hydrolyzed milk at 600C.  
 
Table 5. pH of hydrolyzed milk at 40C 
 
   
Enzyme Concentration (%) Enzyme Hydrolysis Time (minute) pH 
0 Control 0 6.79 
    
0.1 Alcalase 0 6.68 
  30 6.65 
  60 6.70 
  120 6.69 
  240 6.58 
  360 6.60 
    
 Protamex 0 6.72 
  30 6.70 
  60 6.75 
  120 6.74 
  240 6.74 
  360 6.74 
    
 Flavourzyme 0 6.75 
  30 6.72 
  60 6.73 
  120 6.78 
  240 6.80 
  360 6.71 
    
0.5 Alcalase 0 6.64 
  30 6.68 
  60 6.61 
  120 6.64 
  240 6.63 
  360 6.61 
    
 Protamex 0 6.70 
  30 6.67 
  60 6.68 
  120 6.67 
  240 6.66 
  360 6.65 
    
 Flavourzyme 0 6.76 
  30 6.81 
  60 6.82 
  120 6.81 
  240 6.80 





Table 6. pH of hydrolyzed milk at 600C 
 
Enzyme Concentration (%) Enzyme Hydrolysis Time (minute) pH 
0 Control 0 6.79 
    
0.1 Alcalase 0 6.79 
  20 6.68 
  40 6.64 
  60 6.60 
  90 6.59 
  120 6.59 
    
 Protamex 0 6.82 
  20 6.79 
  40 6.79 
  60 6.78 
  90 6.77 
  120 6.80 
    
 Flavourzyme 0 6.83 
  20 6.84 
  40 6.82 
  60 6.82 
  90 6.82 
  120 6.84 
    
0.5 Alcalase 0 6.64 
  20 6.62 
  40 6.61 
  60 6.61 
  90 6.58 
  120 6.57 
    
 Protamex 0 6.75 
  20 6.71 
  40 6.70 
  60 6.67 
  90 6.65 
  120 6.63 
    
 Flavourzyme 0 6.83 
  20 6.82 
  40 6.83 
  60 6.84 
  90 6.83 
  120 6.82 
 
Based on the Table 5. and Table 6., the natural pH of milk was 6.79. The results also 
showed that hydrolyzed milk had lower pH-value than control sample, which caused by 
the release of free amino acids from the polypeptide chain of milk protein due to 





Protamex at 4°C had lower pH than the milk that were hydrolyzed by Alcalase and 
Protamex at 60°C. The pH of the milk that were hydrolyzed by Flavourzyme at 40C and 
600C tend to increase. For each condition, the higher concentration of enzyme increased 
the extent of hydrolysis taken place. So, hydrolysis with 0.5% enzyme proceeded more 
than hydrolysis with 0.1% concentration of enzyme. There was more substrate (protein) 
that react with the enzyme and hence more amino acids and peptides released within a 
certain period of hydrolysis. For each condition, the pH of milks that were hydrolyzed 
by Alcalase had the lowest pH compare with the pH of hydrolyzed milk by Protamex 
and Flavourzyme. From the lowest pH to the highest pH were milk that was hydrolyzed 
by Alcalase, Protamex, and Flavourzyme. The pH of milk hydrolyzed by Alcalase and 
protamex tended to decrease (more acidic); whereas the pH of the milk hydrolyzed by 
Flavourzyme tended to increase (more basic). However, all the changes in pH caused by 
enzymatic hydrolysis were negligible due to minor changes were observed (Lourenco et 
al., 2014). 
 
Based on data, changes in pH of hydrolyzed milk depended on the kind of enzyme used. 
The pH was lower in hydrolyzed milk because of the properties of amino acid. Amino 
acids contain both of acidic and basic groups, and thus have amphoteric properties. In an 
acidic solution (low pH), amino acid has a positive charge or more hydrogen ion 
concentration. In a basic solution (high pH), amino acid has a negative charge or lower 






According to Hughes (2011), it can be concluded that the decrease in pH caused by 
hydrolysis with Alcalase and Protamex. Both of the enzymes produced more free amino 
acids than Flavourzyme. Hydrolysis of milk at higher concentration of enzyme (0.5%), 
lower temperature (4°C), and longer hydrolysis time by Alcalase and Protamex caused 
more decrease in the pH. Hydrolysis of milk by Flavourzyme increase the pH but not 





4.4. Color of Hydrolyzed Milk 
 
The color of hydrolyzed milk is shown in the Table 7. Color values of hydrolyzed milk 
at 40C and Table 8. Color values of hydrolyzed milk at 600C. 
  
Table 7. Color values of hydrolyzed milk at 40C 
 
Enzyme Concentration (%) Enzyme Hydrolysis Time (minute) 
Color Value 
L* a* b* 
0 Control 0 92.39 -3.64 12.46 
      
0.1 Alcalase 0 90.77 -3.30 10.73 
 30 90.90 -3.50 11.23 
 60 91.16 -3.65 10.92 
 120 90.35 -3.84 11.24 
 240 89.63 -3.93 11.90 
 360 89.72 -3.70 12.00 
     
Protamex 0 91.19 -3.11 10.13 
 30 91.20 -3.50 11.30 
 60 91.16 -3.74 10.75 
 120 91.17 -3.71 10.75 
 240 91.65 -3.65 10.32 
 360 91.31 -3.70 11.12 
     
Flavourzyme 0 90.94 -3.28 9.64 
 30 90.91 -3.76 10.41 
 60 90.87 -3.73 10.42 
 120 91.27 -3.88 9.58 
 240 91.36 -3.89 9.70 
 360 91.04 -3.71 10.36 
      
0.5 Alcalase 0 89.16 -3.88 11.67 
 30 88.40 -4.24 10.86 
 60 87.18 -4.34 11.66 
 120 87.16 -4.27 11.09 
 240 87.42 -4.28 11.33 
 360 87.60 -4.41 11.58 
     
Protamex 0 90.11 -3.81 11.42 
 30 88.12 -4.10 11.37 
 60 87.61 -4.27 11.51 
 120 87.16 -4.41 11.30 
 240 87.63 -4.31 11.61 
 360 87.58 -4.41 11.47 
     
Flavourzyme 0 90.83 -3.53 10.23 
 30 91.34 -3.75 9.82 
 60 91.29 -3.76 9.68 
 120 91.36 -3.75 9.85 
 240 91.01 -3.73 9.67 





Table 8. Color values of hydrolyzed milk at 600C 
 
Enzyme Concentration (%) Enzyme Hydrolysis Time (minute) 
Color Value 
L* a* b* 
0 Control 0 92.39 -3.64 12.46 
      
0.1 Alcalase 0 91.45 -3.52 10.52 
 20 90.24 -3.75 11.32 
 40 89.68 -3.85 11.22 
 60 88.67 -3.93 10.82 
 90 87.75 -3.95 10.79 
 120 87.79 -3.97 11.02 
     
Protamex 0 92.16 -3.48 10.20 
 20 92.43 -3.25 10.66 
 40 92.15 -3.30 10.65 
 60 92.10 -3.29 10.71 
 90 91.96 -3.28 10.79 
 120 91.41 -3.53 10.19 
     
Flavourzyme 0 91.08 -3.96 9.33 
 20 91.29 -3.69 9.60 
 40 91.23 -3.91 9.39 
 60 91.27 -3.87 9.42 
 90 91.35 -3.87 9.59 
 120 90.97 -3.90 9.55 
      
0.5 Alcalase 0 89.10 -4.06 10.56 
 20 90.00 -3.87 11.11 
 40 89.38 -3.91 11.19 
 60 88.16 -4.04 10.51 
 90 86.99 -4.22 9.97 
 120 86.78 -4.36 10.68 
     
Protamex 0 91.11 -3.49 10.43 
 20 90.77 -3.57 10.87 
 40 89.75 -3.70 10.88 
 60 89.53 -3.72 10.75 
 90 89.16 -3.82 11.00 
 120 88.52 -3.92 10.68 
     
Flavourzyme 0 91.22 -3.73 9.28 
 20 91.35 -3.68 9.34 
 40 91.40 -3.62 9.33 
 60 91.39 -3.61 9.31 
 90 91.51 -3.52 9.53 
 120 91.51 -3.50 9.51 
 
Based on the Table 7. and Table 8., discoloration was clearly visible on the lightness of 
the milk. L* value of natural milk was 92.39. L* value of milk hydrolyzed at 60°C was 
lower than milk hydrolyzed at 4°C and also lower than natural milk. At longer 





darker. For milk hydrolyzed at 60°C, Alcalase at both concentrations (0.1% and 0.5%) 
affected the most L* value or lightness of the milk. Hydrolysis with Flavourzyme at any 
concentration decreased the L* value the least. For Protamex, hydrolysis with 0.1% 
concentration of enzyme did not affect the L* while the effect was more noticeable 
when the enzyme concentration increased to 0.5%. In sequence, the samples with L* 
value from darkest to lightness were those hydrolyzed with Alcalase, Protamex, and 
Flavourzyme. 
  
The a* value of natural milk was -3.64, suggesting the greenness. For milk hydrolyzed 
at 60°C, a* value tended to decrease regardless of hydrolysis condition, suggesting that 
the hydrolyzed milks were greener. The most change in a* value was observed in the 
samples hydrolyzed with Alcalase. Similarly, hydrolysis at 4°C decreased the a* value 
of milk. Considering the effect of hydrolysis time, it was found that the longer 
hydrolysis time resulted in the more decrease in a* value. The b* value of natural milk 
was 12.46, suggesting the yellowness. The effect of hydrolysis condition on b* value of 
milk was negligible. 
 
Color of emulsion is known to be influenced by the stability of oil-in-water emulsion. 
Emulsion with smaller oil droplets, which is more stable, tends to have more blueness; 
while emulsion with larger droplets are more in yellowness. The change in color of 











The hydrolysis activity at 4°C and 60°C quite the same due to the reactivity was not 
very sensitive to the temperature and minor changes were observed (physical, pH and 
color). It greater used 0.5% of enzyme concentration than 0.1% of enzyme 
concentration. The longer hydrolysis time there are more protein hydrolyze by the 
enzymes, there are more clear layer separation, lower pH, and the color tend to 
greenness-blue. The highest to the lowest hydrolysis activity are Alcalase, Protamex, 




For further analysis needs to measuring the degree of hydrolysis of the milk, sensory 
analysis to know the limits of consumer acceptance (especially to bitter taste), and 
looking for alternative enzymes that cheaper and easier to obtain such as bromelain 
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Appendix 2. Place of Practical Training 
 
The practical training is conducted in the Institute of Nutrition, Mahidol University. 











Figure 4. Map of Institute of Nutrition Mahidol University 
 
The red sign shows the location of Institute of Nutrition, Mahidol University which is 
located in 999 Phutthamonthon 4 Rd., Salaya, Phutthamonthon, Nakhon Pathom 73170, 





















                                       
 
 
 
